To analyze the relationships between cardiovascular complications and geriatric scale scores in French elderly ( ‡70 years of age) type 2 diabetic patients at inclusion in the GERODIAB cohort.
The prevalence of diabetes in the elderly is growing because of both increased life expectancy and incidence of diabetes in the general population (1) (2) (3) . Compared with younger diabetic patients, the cumulative consequences of diabetes and aging exacerbate degenerative complications and the effects of comorbidities (4, 5) . Elderly diabetic patients also make up a heterogeneous population, which bears little resemblance to younger diabetic patients and requires a patientcentered approach (6) (7) (8) .
Numerous studies have analyzed the factors associated with macroangiopathic complications in type 2 diabetic patients under the age of 70 years. Associated, potentially explanatory factors are thus wellknown, particularly the duration of diabetes, hypertension, hypercholesterolemia, and poor glycemic control (9, 10) . However, there is no clear evidence that such associations might be observed in elderly diabetic patients, because aging and associated comorbidities can modify the influence of classical cardiovascular risk factors, notably diabetes. In elderly diabetic patients, physical function is impaired. Autonomy is obviously impaired at advanced stages of cardiovascular disease in the elderly. However, there is no clear information about the impact of cardiovascular diseases on other geriatric parameters such as cognition, nutrition, and mood, notably in elderly diabetic patients (11) .
Therefore, using information derived from diabetic patients aged $70 years from the GERODIAB cohort at study inclusion, we aimed to investigate the factors, including cognitive functions and geriatric syndromes, that are associated with coronary and cerebrovascular ischemia; heart failure; and coronary, cerebral, and vascular diseases of the lower limbs.
RESEARCH DESIGN AND METHODS
The GERODIAB study is a French multicenter, prospective, observational 5-year follow-up study designed to analyze glycemic control and morbidity/ mortality in type 2 diabetic patients aged 70 years and older, with relatively preserved autonomy (activities of daily living [ADL] score .3/6). Protocol details and a description of the population at study inclusion have been published previously (12 The aim was to investigate the relationship between cardiovascular complications and geriatric scale scores. The data collection was primarily based on the patient history and physical examination results. Because of the observational nature of the study, additional systematic testing was not carried out, and some tests were left to the discretion of the investigators according to the French guidelines for diabetes management (13, 14) .
The physical examination included standardized measurements of waist and hip circumference. Blood pressure was measured with the patient in the supine position after a 5-min rest, and orthostatic hypotension was based on measurements after standing for 1, 3, and 5 min. Patients were considered to have tobacco or alcohol exposure when use was ongoing at study inclusion or had lasted for ,5 years.
A geriatric assessment was systematically performed using the following five scales: the Mini Mental State Examination (MMSE), which studies cognition, ranging from 0 to 30 (.24 = normal); the screening part of the Mini Nutritional Assessment (MNA; screening), ranging from 0 to 14 (14 = normal); the ADL scale, ranging from 0 to 6 (6 = independent), and the instrumental ADL (IADL) scale, ranging from 0 to 14 (14 = totally independent), both of which assess autonomy; and the mini-Geriatric Depression Scale (mini-GDS), which evaluates mood, ranging from 0 to 4 (0 = no depression).
Laboratory Assays Included HbA 1c and Lipid Levels Cardiovascular complications were diagnosed through the medical history, physical examination results, and electrocardiogram (ECG), which were performed systematically. Because of the observational nature of the study, complementary examinations were left to the discretion of the investigators, based on results of systematic assessments and according to the French guidelines for diabetes management (14) . These included Doppler tests for lower limbs and cerebral vessels, echocardiography, computed tomography, angiography, and tests for silent ischemia (15) . All complementary tests had to be agreed to by the patients.
According to results of these clinical and complementary tests, coronary heart disease was classified into three groups (Table 1) : myocardial infarction, if any evidence was found through history, ECG, or complementary examinations; angina pectoris, if no evidence was found for infarction and evidence was found through history, ECG, or complementary examinations; and no coronary heart disease otherwise. Heart failure ( Table 2 ) was classified as "left and right" if evidence was found for both left and right heart failure on clinical or complementary examinations. Similarly, univentricular heart failure were classified as either "left" or "right." Because of the low number of patients with pure right heart failure (10 patients, 1.0%), one group was made for patients with either left or right heart failure. Vascular disease of the lower limbs and of cerebral vessels (Tables 3 and 4) were classified into the following three groups: clinical, when evidence was found; subclinical, when hemodynamic stenosis was found on Doppler tests either performed at inclusion or recorded in the medical history of the patient; and no arterial disease otherwise. Reversible cerebrovascular involvement was based on clinical history and was grouped with subclinical abnormalities of cerebral vessels (Table 4) .
Results are presented as the mean 6 SD or percentage. Bivariate analyses were performed using the x 2 test or the Kruskal-Wallis analysis. Multivariate analyses were performed with a stepwise logistic regression (maximum likelihood ratio), using forward and backward procedures. The variables tested in the multivariate model were those that had a significant association with the complication under study using bivariate analyses. Cardiovascular complications were coded 0 (no complication), 1 (minor), or 2 (major), respectively, using the same classification as that in bivariate analyses, and were grouped as 0 (without complication) versus 1 or 2 (with complication) when needed. Analyses were performed using SAS version 9.2 software (SAS Institute Inc., Cary, NC). Level of significance was set at 0.05.
RESULTS
Of the 987 patients, 536 (54.3%) had at least one of the cardiovascular complications under study. Cognitive disorders (MMSE score #24) were found in 144 patients (26.9%) with cardiovascular complications and in 86 patients (19.1%) without complications (P , 0.01). Abnormal nutritional status (screening MNA score ,14) was found in 277 patients (51.7%) with cardiovascular complications and in 205 patients (45.5%) without complications (P , 0.05). Impaired activities (ADL score ,6) were found in 181 patients (33.8%) with cardiovascular complications and in 77 patients (17.1%) without complications (P , 0.001), and impaired instrumental activities (IADL score ,14) in 309 and 206 patients (57.6 and 45.7%), respectively (P , 0.001). Mood disorders (mini-GDS score .0) were found in 130 patients (24.3%) with cardiovascular complications and in 103 patients (22.9%) without complications (not significant).
Coronary insufficiency was observed in 308 patients (Table 1) . Echocardiography was performed at study inclusion in 213 patients (21.6%) Heart failure was observed in 100 patients (10.1%), including 13 patients (1.3% of patients, 6.1% of tests) in whom heart failure had been diagnosed using echocardiography at study inclusion ( (Table 3) . Logistic regression successively individualized the duration of diabetes, the IADL score (P , 0.001), hypertension (P , 0.01), and sex (P , 0.05) as factors associated with vascular disease of the lower limbs (62.8% concordance; P , 0.001).
Cerebrovascular involvement was found in 156 patients, including 45 (4.6% of patients, 17.5% of tests) of 257 patients Cognitive disorders were more common in patients with cerebrovascular involvement, and the geriatric scale scores were more often distorted, with the exception of the mini-GDS scale score (Table 4 ). The logistic model successively associated cerebrovascular involvement with the IADL score, sex (P , 0.001), known hypertension (P , 0.01), and ADL score (P , 0.05) (65.6% concordance; P , 0.001).
CONCLUSIONS
Over a 1-year period, 987 type 2 diabetic outpatients, all aged $70 years and with relatively preserved autonomy, were consecutively included in the prospective GERODIAB cohort (12).
In our observational study, systematic assessments of cardiovascular complications included medical history, clinical examination, and ECG. Other explorations were decided by the investigator, based on the results of systematic assessments, French recommendations (14) , and the agreement of the patient to perform the examination. This is likely to underestimate the frequency of complications, especially the silent ones, which has not been screened for previously. However, systematic examinations, including Doppler tests, echocardiography, and screening for silent ischemia, could induce a main selection bias in the population under study. Therefore, examinations were conducted using indications likely to be representative of everyday practice in a quite reliable sample of French elderly type 2 diabetic patients.
Our primary finding was the association between macroangiopathic complications and impaired geriatric scale scores. Similar results have been reported previously, especially regarding the impact on physical function (11, 15) . Geriatric dysfunctions, and especially cognitive disorders, have been suspected to be associated with poor diabetes control (16) (17) (18) . Conversely, poor metabolic control and especially hypoglycemia, has been suspected to favor cognitive decline (19, 20) . However, studies in elderly people with type 2 diabetes remain uncommon, whereas life expectancy and incidence of diabetes are increasing. Therefore, it is now important to analyze the relationships between diabetes complications and geriatric functions in this population. Follow-up studies are especially required in this field. In our study, the relationship between cardiovascular complications and geriatric function is especially interesting, inasmuch as it was supported by multivariate logistic regression, which takes into account other explanatory factors. It suggests that impaired geriatric functions could be independent factors associated with macrovascular diseases. However, in this observational crossover part of the GERODIAB study, logistic regression does not allow the drawing of strong conclusions, especially regarding causal inferences. Thus, our conclusions at baseline remain hypotheses, and should be confirmed by other studies and by follow-up results of the GERODIAB study over 5 years.
These associations suggest that cardiovascular disease may play a role in the genesis of disorders affecting autonomy, cognitive function, nutrition, and mood in elderly diabetic patients (20, 21) . Heart failure, vascular disease of the lower limbs, stroke sequelae, or coronary artery disease may be the cause of reduced autonomy, worsening of cognitive function, or malnutrition, or may lead to depression. Conversely, the geriatric symptoms can have a prolonged effect on macroangiopathic complications by reducing treatment compliance or increasing the hypoglycemic risk (22) . A direct relationship is not certain, and a common mechanisms leading to both macroangiopathy and cognitive, nutritional, autonomic, and/or mood disorders could be involved. This relationship may be the direct consequence of diabetes and risk factors that simultaneously lead to macroangiographic complications and to a combination of more specific geriatric symptoms. It is, however, likely that both of these types of complications influence one another.
Cognitive deficits, as assessed in our study by an MMSE score of #24, proved to be more frequent in patients affected by all types of macroangiopathic Malnutrition, the frequency of which was known in these elderly patients, was also more frequent in the presence of cerebrovascular involvement. The potential consequences of motor deficits on feeding cannot be ruled out, but direct action on the appetite centers is possible.
Loss of patient autonomy likewise occurs in a similar manner. The consequences of cerebrovascular involvement are clear in this setting; limitations relative to vascular disease of the lower limbs, and heart failure or coronary insufficiency are also obvious.
The relationship with mood disorders is particularly interesting. More than a direct consequence of an activity deficit or limitation related to cardiovascular complications, it is the psychological impact of these limitations that are pertinent here. The interaction between mood and cognitive disorders is complex. Depression is not rare in early stages of dementia. On the other hand, the MMSE may be underestimated in case of mood disorders.
Few studies have focused on macroangiopathic complications in the elderly and their relationship with geriatric parameters. This study, which will have a 5-year follow-up period, already shows in its initial evaluation the significant association between macroangiopathic complications and geriatric syndromes. This fact supports systematic evaluation of these patients based both on the diabetes as well as the geriatric functions. An early systematic global assessment of elderly type 2 diabetic patients could be a simple and inexpensive approach. This step should improve the identification of these patients, so that the objectives and treatment can be adapted and their quality of life optimized.
